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Summary of the Problem Studied 
 
Content-based retrieval and delivery of 3D models and multi-attribute motion sequences facilitate several 
interesting applications for education and training of military personnel. It also can be helpful in 
providing the much needed coordination and support during field operations. These applications require 
integrated techniques for content-based retrieval and delivery of 3D data. For instance, layered 
representation of huge 3D models not only helps in progressive reconstruction on the client side during 
delivery over a network but also can help in efficient comparison during content-based retrieval from a 
3D models repository. 
 
The research goal of this project is to develop a theoretical framework for: (i) Verification of data from 
3D sensor sources; (ii) Fault tolerant, secure placement of 3D sensors; (iii) Error concealment approaches 
for streaming 3D models; (iv) Streaming 3D data over wireless networks. Prototypes will also be built 
using the developed framework for specific applications. 
 
Summary of Important Research Results 
 

1. 3D and 2D camera placement problem 
 
We identified the constraints that need to be obeyed for solving the problem of video cameras (both 2D 
and 3D). We also identified the issues in verifying whether a camera is malfunctioning. We developed 
strategies to identify and isolate faulty cameras. These strategies use both spatial position of cameras as 
well as the temporal sequencing of objects that appear in the camera outputs. This study was accepted for 
presentation in the 5th IEEE International Conference on Advanced Video and Signal Based Surveillance, 
Santa Fe, New Mexico September 1-3, 2008. An extended version of this paper is under revision for the 
journal: IEEE Transactions on Dependable and Secure Computing. 
 

2. Streaming 3D models and Quality of Service (QoS) in wireless networks 
 
We extended our error concealment approach for 3D mesh streaming to provide more accurate 
reconstruction of the meshes under lossy network conditions. This error concealment approach is able to 
work with multiple 3D compression schemes such CPM (Compressed Progressive Meshes), PM 
(Progressive Meshes), and PFS (Progressive Forest Split). We also developed a scheduling approach for 
streaming 3D animations. This approach identifies the sequence in which 3D models have to be retrieved 
from a server based on the user's view of the animation (i.e., after identifying the 3D models that will be 
in user's view). 
 
We carried out research on identifying QoS based issues for streaming multimedia data on wireless 
networks. Our research on concatenation mechanisms for multi-rate adhoc networks was presented in 
IEEE INFOCOM. An adaptive QoS framework was presented in IEEE ICC. Results related to streaming 
3D models were published in IEEE Transactions on Computers, ACM Transactions on Multimedia 
(TOMCCAP), and other prestigious conferences. We also identified an efficient scheduling strategy for 
streaming 3D models and animations. 1 Phd thesis and a Masters' thesis were defended on this topic. 
 

3. Tamper proofing and watermarking 3D models and motions 
 
For tamper proofing and copy righting 3D models and motions, we identified that the main problem is 
formulating a cluster of data points. We developed approaches that will enable identification of data 
clusters. These data clusters can then carry watermarks either for tamper proofing or copyrighting. The 
results have been accepted for publication in IEEE Transaction of Information Forensics and Security as 
well as in ACM Multimedia & Security workshops in 2007 and 2008. 
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